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Despite the continuing popularity of problem-based learning (PBL) approaches in higher education
worldwide, concerns have been raised regarding a decrease in effectiveness. Unrealistic expectations of
students about the nature of learning in a PBL setting may lead to ineffective use of self-regulated
learning strategies, in turn leading to suboptimal learning during self-study. In this study, we tested
the effects of a workshop aimed at aligning students' perceptions and expectations of their learning
environment to those of the university as expressed in faculty training programs. First-year PBL medical
students were randomly assigned to either a control condition (n¼ 26) or a contrast (workshop) con-
dition (n¼ 19), designed to enable them to compare and contrast their expectations to those of the
university. Results showed no significant differences between conditions in students' reported use of SRL
strategies, but indicated a differential development in students' intentions to take responsibility for their
own learning, with students in the contrast condition reporting an increase in these intentions as a result
of the intervention. The intervention did not have a differential effect for students with different pretest
scores. We discuss how optimization of the PBL environment can inform the design of online, computer-
based support tools.
© 2018 Elsevier Ltd. All rights reserved.1. Introduction
Problem-based learning (PBL) is a comprehensive educational
approach that is based on cognitive theories of learning (Dolmans,
Wolfhagen, Van der Vleuten, & Wijnen, 2001; Moust, Berkel, &
Schmidt, 2005). In a problem-based curriculum, students partici-
pate in small group tutorials, ideally consisting of 8e10 students. In
these tutorials, students are presented with a problem or case, that
is, a set of phenomena in need of explanation, designed to reflect
problems from real-world professional practice. As learning is
assumed to be context-specific (Pintrich, 1999), the goal is to
enhance learning and transfer to professional practice by aligning
the learning context with the future professional context (K€onings,
Brand-Gruwel, & van Merri€enboer, 2005). Furthermore, problems
from “real” professional practice are assumed to enhance students'
intrinsic interest in the subject matter (Schmidt, 1983; van denool of Health Professions Ed-
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S.F.E. Rovers).Hurk, Wolfhagen, Dolmans, & van der Vleuten, 1999b). Based on
cognitive theories of learning, it is assumed that the discussions in
the tutorial group also activate prior knowledge and promote
elaboration, which facilitates learning (Dolmans et al., 2001).
Although many variations of PBL exist, all forms are based on
problems as the foundation of learning, to be discussed in small
groups in a self-directed, student-centered manner, with the
teacher acting as facilitator of the group process rather than as an
information transmitter or knowledge expert (Barrows, 1996).
Problem-based learning continues to be an important charac-
teristic of higher education curricula across the world (Davidson,
Major, & Michaelsen, 2014; Moust et al., 2005; Yew & Goh, 2016).
Research indicates that the problem-based approach positively af-
fects students' learning processes, as well as the outcomes of this
learning. It has been shown to improve long-term retention of
learning content (Strobel & van Barneveld, 2009), deep learning
and conceptual understanding (Berkson, 1993; Gijbels, Dochy, Van
den Bossche, & Segers, 2005), and skill development (Dochy,
Segers, Van den Bossche, & Gijbels, 2003; Kalaian, Mullan, &
Kasim, 1999; Vernon & Blake, 1993). Additionally, problem-based
learning has been shown to improve students' satisfaction with
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Schr€oder-B€ack, & Roebertsen, 2012; Newman, 2003). However,
researchers have also indicated that at several universities the
approach has become less effective over the years (Dolmans et al.,
2001; Moust et al., 2005; Woltering, Herrler, Spitzer, &
Spreckelsen, 2009). Students seem to skip important aspects of
the problem-solving process, going through the process in a routine
manner without attempting to engage in deep learning (Moust
et al., 2005).
Theoretically, one would assume that study time and self-
regulation are important factors in explaining academic achieve-
ment. However, research has shown that time spent on self-study is
not necessarily related to higher academic achievement (Kamp,
2013; van den Hurk et al., 1999b). Therefore, it might be more
important to emphasize effective learning during self-study, rather
than emphasizing the time spent on learning. Self-regulated
learning (SRL) plays an important role in this process, and entails
both motivational and cognitive processes (Boekaerts, 1997;
Pintrich, Wolters, & Baxter, 2000). SRL has been defined as the
“process whereby students activate and sustain cognitions, be-
haviors and affects, which are systematically oriented toward
attainment of their goals” (Schunk & Zimmerman, 1994, p. 309).
Because self-study takes place outside of the tutorial group, many
details about this process, for example how students study, how
they regulate their learning, and how this can be improved, remain
unknown. Therefore, it is important to study this aspect of the PBL
cycle and how it can be improved. When self-regulation and, by
extension, deep study can be improved during this phase, students
could acquire a deeper understanding of the content matter,
enabling and motivating them to engage with this content more
elaborately during the remainder of the process. This could bemore
successful than forcing them to go through the entire process in a
static manner, which will not remediate and could even exacerbate
the superficial processing. Rather, according to this reasoning, more
effective self-regulation and self-study would naturally enhance
processing in the other phases of the PBL process.
Although students have the ability to come up with their own
“relevant” learning issues (i.e., learning issues that were intended
by faculty members), these learning issues do not always guide the
amount of time students spend on these topics, or their mastery of
these issues, indicating that what students intend to do does not
always correspond with what they actually do during self-study
(Dolmans, Schmidt, & Gijselaers, 1995). A reason for this could be
that students in a PBL curriculum can feel uncertain about what
they should study. As a result, they rely solely on peers and on
resources that were suggested or prescribed by their teachers
(Dahlgren & Dahlgren, 2002; Dolmans & Schmidt, 1994; Kivela &
Kivela, 2005; Lloyd-Jones & Hak, 2004; van den Hurk et al.,
1999b). In other words, instead of adhering to the self-defined
learning issues, independently searching for literature to share
with the group, and adopting strategies that facilitate deep learning
(e.g. elaboration), students may exclusively use the literature pro-
vided by faculty members and use suboptimal learning strategies,
such as memorizing.
In order to promote more effective self-study behavior, it could
be important to enhance students' use of SRL strategies. PBL is
considered to enhance SRL (Loyens, Magda, & Rikers, 2008).
However, students come to university with a set of expectations
regarding learning in this new environment, which will influence
how they approach this learning (Smith &Wertlieb, 2005). There is
a lack of alignment between the teacher-oriented methods stu-
dents have become accustomed to in high school and those of
university (Raidal & Volet, 2008; Smith & Wertlieb, 2005), a
problem which could be exacerbated in the context of problem-
based learning, in which students are assumed to be active, self-regulated agents (Loyens et al., 2008). As students prefer to work
according to their own learning habits (K€onings et al., 2005), this
incongruence may cause them to fall back on non-problem based
approaches during the self-study stage. In other words, students'
expectations about their learning environment moderate the rela-
tionship between PBL and SRL, and creating a more realistic set of
expectations could lead to an enhancement of SRL in students by
means of two mechanisms. First of all, volition is considered to be
an important aspect of SRL (Corno, 2001). When students under-
stand what is expected from them in a PBL curriculum and why,
they may be more willing to comply with these expectations and
make an effort to self-regulate their learning. Second, Wedman's
performance pyramid framework (Wedman, 2010) identified ex-
pectations as an important factor influencing performance in the
workplace (Wedman& Graham,1998), a framework which has also
been applied in education (Hardy & Aruguete, 2014). In other
words, in order to performwell on a certain process, it is important
that individuals understand what is expected of them. As SRL is
generally considered to be a teachable process (Schunk &
Zimmerman, 1998), improving these expectations could poten-
tially improve students' SRL performance. Although PBL univer-
sities might offer an introduction to students about the method
before or at the beginning of the first year, this may not be sufficient
for students to completely grasp the concept.
Based on this reasoning, a workshop was developed in which
students were queried about their perceptions and expectations
regarding their learning environment, enabling them to contrast
these to the expectations as formulated by the university in faculty
training programs. The current study investigated whether stu-
dents' expectations and self-regulated learning can be enhanced by
aligning their perceptions and expectations about their PBL
learning environment to those of the university by means of this
workshop. On a basic level, the workshop could lead to more
realistic perceptions and expectations in students about their
learning environment. As intentions are an important precursor for
behavior (Sutton, 1998; Webb & Sheeran, 2006), this could provide
a fruitful basis for the development of more effective SRL strategies,
as this understanding could make students more inclined to make
an effort to self-regulate their learning. Based on what is known
about student learning, an intervention emphasizing active and
collaborative learning would be most beneficial (e.g., Bonwell &
Eison, 1991; Johnson, Johnson, & Smith, 1998). Therefore, we
chose a workshop as the form of our intervention, to make sure
students were actively engaged in the subject.
Furthermore, educational interventions may have a different
effect on students with differing ability levels (Snow, 1989), which
has been demonstrated for both cognitive abilities (e.g., Kanfer &
Ackerman, 1989) as well as for metacognitive constructs (e.g.,
McInerney, McInerney, & Marsh, 1997). Experimental and quasi-
experimental research in education is indicative of a “Matthew
effect”, suggesting a relative as well as an absolute advantage for
participants with higher pretest scores on beneficial outcomes
related to the intervention (Walberg & Tsai, 1983). Specifically, the
Matthew effect would predict students with high initial abilities to
benefit more from educational interventions (e.g., Becker, 2013), as
their initial abilities give them a fruitful basis to learn from.
Therefore, we further investigated whether the interventional
workshop described above would have a larger effect for students
with higher values for SRL and more realistic perceptions and ex-
pectations about their learning variables at pretest, versus students
with lower scores on these variables at pretest.
As described above, PBL includes collaborative problem-solving,
face-to-face-discussion and self-study involving SRL. This study
focuses on the self-study phase for two reasons. First of all, much
attention has already been given to the collaborative, face-to-face-
S.F.E. Rovers et al. / Computers in Human Behavior 87 (2018) 416e423418aspects of PBL (e.g., Dolmans et al., 2001; Kamp, Dolmans, Van
Berkel, & Schmidt, 2013; van Blankenstein, Dolmans, van der
Vleuten, & Schmidt, 2011). Second, effective learning in the self-
study phase can positively influence the other phases of the PBL
cycle, giving students the tools to have more fruitful discussions in
the collaborative, face-to-face sessions (Azer, 2009).
In summary, the research questions addressed in this study
were the following: (1) Can students' SRL strategies be enhanced by
means of a workshop aimed at aligning their perceptions and ex-
pectations about their learning environment to those of the uni-
versity, and (2) Do students with different prior levels for SRL and
realistic perceptions and expectations benefit differentially from
this intervention? Our hypotheses are the following: Students who
participated in the workshop will develop more realistic percep-
tions and expectations about their learning environment than
students who did not participate in the workshop (H1a). Students
who participated in the workshop will develop more effective SRL
strategies than students who did not participate in the workshop
(H1b). Students with more realistic perceptions and expectations
about their learning environment at pretest will benefit more from
the workshop than students who had less realistic perceptions and
expectations (H2a). Finally, students reporting more effective SRL
strategies at pretest will benefit more from the workshop than
students reporting less effective SRL strategies (H2b).
2. Methods
2.1. Participants, setting and design
The design used for this study was a pretest-posttest control
group design taking place over the duration of a four-week first-
year undergraduate Medicine course at a PBL university. It included
first-year students from the Medicine undergraduate program.
Initially, 79 students started the pretest. A total of 45 students
(Mean age¼ 19.30, SD¼ .81, 95.6% female) participated in the
intervention and completed all measures, which constituted our
final sample. The distribution of gender indicates an over-
representation of females in the sample, but this was not surprising
given the overrepresentation of female students in the program
(71.2% female).
Prior to the pretest, students were randomly assigned to either a
contrast or a control condition. Three workshops were given, each
aiming at 10 participants per workshop. However, due to drop-out
the workshops became somewhat smaller, consisting of six, seven
and seven participants respectively. Ultimately, 19 students from
the contrast condition and 26 students from the control condition
completed the posttest.
2.2. Materials
Two constructs were of interest to the present study: students'
perceptions and expectations about their learning environment,
and students' use of SRL strategies. We attempted to enhance these
constructs by providing students with a workshop enabling them
to compare and contrast the expectations they have regarding their
learning environment to those of the university. The instruments
used to measure these constructs and the workshop that was
provided to students are described below.
2.2.1. Perceptions and expectations¶
To measure students' perceptions and expectations regarding
their learning environment, we used the Perceptions and Expec-
tations about College Questionnaire (PEEK; Weinstein, Palmer, &
Hanson, 1995). This 30-item questionnaire measures students'
convictions, thoughts, feelings and expectations about theirlearning environment at university and consists of three subscales:
Academic Expectations, Personal Expectations and Social Expecta-
tions. Responses were collected using a 5-point Likert scale ranging
from 1 (not at all likely to be part of university experience) to 5
(extremely likely to be part of university experience). Although no
psychometric information has previously been published, this
questionnaire was used in previous research (Krallman & Holcomb,
1997) and has been recommended for themeasurement of affective
(non-cognitive) factors in educational research (Boylan, 2009;
Robinson, Burns, & Gaw, 1996).
For the current study, we only included the two subscales
measuring Academic Expectations and Personal Expectations. The
subscale measuring Social Expectations assesses students' expecta-
tions regarding social relationships with peers, (former) friends and
family. It is not related to learning and therefore, it was irrelevant to
the current research questions. For this reason, this subscale was
not included in the study.
The Academic Expectations subscale measures students' cogni-
tive expectations about the nature of learning and instruction,
emphasizing responsibilities of students versus teachers in terms of
keeping track of the learning process. Higher scores on this scale
indicate students consider themselves less responsible for their
own learning progress. For this subscale, item 10 had to be
reversed.
The Personal Expectations subscale measures students' in-
tentions to take responsibility for their own progress, with higher
scores indicating a greater intention to this responsibility. For this
subscale, items 3, 7 and 9 had to be reversed. Please refer to
Krallman and Holcomb (1997) for a complete overview of the scales
and items.
2.2.2. Self-regulated learning
To measure SRL, we used the scales recommended by Wolters,
Pintrich, and Karabenick (2003) for measuring academic self-
regulation. This questionnaire consists of 103 items measuring
the cognitive, affective and behavioral strategies students apply to
regulate their learning. Although appeals have been made for more
behavioral measures of SRL (e.g., Winne, 2010), previous research
has shown that a validated questionnaire can be sensitive enough
to detect changes in SRL (Zimmerman, 2008).
Responses to the questionnaire were given on a 7-point Likert
scale ranging from 1 (not at all true of me) to 7 (very true of me).
The questionnaire consists of three scales: Regulation of Academic
Cognition, Regulation of Motivation, and Regulation of Academic
Behavior. The Regulation of Academic Cognition scale (Pintrich,
Smith, Garcia, & McKeachie, 1991, 1993) measures the cognitive
strategies students use to regulate their learning, and consists of
the subscale Rehearsal, Organization, Elaboration and Metacognitive
Self-Regulation. The Regulation of Motivation scale (Wolters &
Rosenthal, 2000; Wolters, 1998) measures the affective strategies
students use to regulate their learning when they are experiencing
motivational problems and consists of the subscales Mastery Self-
Talk, Relevance Enhancement, Situational Interest Enhancement, Per-
formance/Relative Ability Self-Talk, Performance/Extrinsic Self-Talk,
Self-Consequating, and Environmental Structuring. The Regulation of
Academic Behavior scale measures the behavioral strategies used by
students to regulate their learning. It consists of the subscales Effort
Regulation (Pintrich et al., 1991, 1993), Regulation of Time and Study
environment (Pintrich et al., 1991, 1993), General Intention to Seek
Needed Help, General Intention to Avoid Needed Help, Perceived
Benefits of Help Seeking, Perceived Costs of Help Seeking, Instrumental
Help Seeking, Executive Help Seeking, Seeking Help from Formal
Source, Seeking Help from Informal Source, and Perceived Teacher
Support of Questioning (Karabenick & Sharma, 1994).
Following recommendations by Wolters et al. (2003), we used
Table 1
Schematic overview of research design.
PEEK þ SRL Workshop PEEK þ SRL
Control (n¼ 26) X X
Contrast (n¼ 19) X X X
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with the exception that Rehearsal was dropped from the Regulation
of Academic Cognition scale, as we consider rehearsal to be a surface
rather than a deep learning strategy (Biggs, 1987). Furthermore, the
subscales General Intention to Avoid Needed help, Perceived Costs of
Help Seeking and Executive Help Seeking were reversed in order to
obtain a similar direction of scores for all scales. The reader is
referred to Wolters et al. (2003) for a full description of the scales,
subscales and items.
2.2.3. Workshop
In the contrast condition, students participated in aworkshop in
which their perceptions and expectations regarding their learning
environment were contrasted to the expectations as formulated by
the university in the PBL faculty training programs. The workshop
was led by the first and second author.
In this workshop, students were asked whether they had
deliberately chosen to be in a PBL curriculum, what their expecta-
tions had been prior to starting the program, and the extent to
which these prior expectations matched their actual experiences
up to that point. The university uses a common script for organizing
PBL tutorials, called the Seven-Jump (Moust et al., 2005), in which
the following steps are used: (1) term clarification, (2) problem
definition, (3) brainstorm, (4) identification of knowledge gaps, (5)
formulation of learning issues, (6) self-study, and (7) discussion.
These steps are based on a constructivist theory of learning, which
assumes that understanding is facilitated by students' interacting
with their environments, that learning is stimulated by cognitive
conflict, and that knowledge is built through students' monitoring
of their understanding of the subject matter (Dolmans et al., 2001;
Savery& Duffy, 1995). Students were asked to conduct a brainstorm
in which they discussed, for each PBL step individually, their own
and their tutor's role and responsibility in conducting this step and
keeping track of the learning process. After this brainstorm, a
comparison was made between their answers and the official ex-
pectations at the PBL university.
This workshop had previously been piloted among a small
group of first-year Health Sciences students (N¼ 11), a population
comparable in terms of faculty, study area and study year. In the
pilot workshop, students went through all of the seven PBL steps in
the samemanner as described in the paragraph above. Results from
this pilot study led us to put more emphasis on the defining,
brainstorming, self-study and discussion steps of the PBL cycle, in
contrast to the steps of clarification, identification of knowledge
gaps and formulation of learning issues, as the former steps were
found to show a higher discrepancy in terms of students' and
university's perceptions and expectations.
2.3. Procedure
Written consent was obtained from all participants prior to data
collection. Students were told the study aimed to investigate the
factors influencing students' study behavior. Prior to the study, they
were not informed that the workshop also aimed at improving this
behavior. In the first week of the course, all participants were asked
to complete an online questionnaire consisting of the PEEK and the
SRL questionnaire. In the week following completion of the ques-
tionnaire, participants in the contrast condition participated in the
workshop in order to align their perceptions and expectations to
those of the university. Participants again completed the online
questionnaire regarding their perceptions and expectations and
their SRL level in the last week of the course. All participants were
debriefed upon completion of the study, informing them about the
purpose of the study. In this debriefing, students from the control
group were offered the opportunity to take the same workshopafter the experiment finished, in order to prevent the students from
the workshop condition getting an unfair advantage in their edu-
cation. Students were offered a small monetary reward for their
participation in the study and were entered into a raffle to win an
iPad mini. Table 1 shows a summary of the experimental design.
2.4. Data analysis
A Repeated Measures (RM) ANOVAwas used to test whether the
workshop led to differences in the development of students' per-
ceptions and expectations and their use of SRL strategies. We chose
the RM ANOVA over an ANCOVA, as we are interested in the dif-
ference in development on the variables for students over the
duration of the block. As students partake in a range of mandatory
educational activities as part of their enrolment in the PBL curric-
ulum, it is quite conceivable that their SRL, as well as their per-
ceptions and expectations of the learning environment, change as a
function of their participation in the curriculum (Schmidt, Rotgans,
& Yew, 2011; van den Hurk, Wolfhagen, Dolmans, & van der
Vleuten, 1999a). Participation in the workshop is expected to
change this natural development for students in the contrast con-
dition, leading to a difference in slopes for students in the control
condition versus students in the contrast condition. It is therefore
necessary to take into account this differential development by
including the within-subjects variability in the model (Field, 2009).
The within-subjects variables in this study were students' per-
ceptions and expectations regarding their learning environment
and their SRL level at pretest and posttest. Condition (contrast
versus control) served as between-subjects variable. We were
specifically interested in interaction effects between Session (pre-
test versus posttest) and Condition, as this would indicate a dif-
ference in improvement over time as a function of the intervention.
Bonferroni correction was applied to account for analysis of mul-
tiple subscales, resulting in a significance value of p¼ .05/10¼ .005.
Furthermore, we were interested in whether effects would be
different for students with different pretest scores on the five
measures. To answer this question, we specified a regression
analysis using the Condition and the pretest variable, as well as the
interaction between Condition and the pretest variable as inde-
pendent variables. The respective posttest variables were used as
the dependent variable. If the interaction between Condition and
pretest value is significant, this indicates that students with
different pretest scores benefit differently from the workshop.
3. Results
3.1. Reliability
We used Cronbach's a to determine the reliability of the scales
and subscales in the pretest and posttest. Cronbach's a values above
.70 were considered to represent adequate reliability (Field, 2009).
Due to the exploratory nature of this study and the psychological
nature of the constructs measured, Cronbach's a values above .60
were still retained in the study (Field, 2009; Kline, 1999). Table 2
shows an overview of the reliability values found in this study.
The SRL scales showed adequate reliability at both pre- and post-
test. PEEK subscales showed acceptable to adequate reliability at
Table 2
Internal consistencies (Cronbach's a) for the questionnaire scales.
Pretest Posttest
SRL Regulation of academic cognition .783 .806
Regulation of motivation .846 .924
Regulation of academic behavior .881 .870
PEEK Academic expectations .669 .759
Personal expectations .656 .631
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3.2. Workshop effects
Table 3 shows descriptive statistics for the expectations and SRL
measures included in the study. Results will be discussed according
to the hypotheses outlined above.
3.2.1. Hypothesis 1a/1b
The repeated measures ANOVA revealed no significant interac-
tion effect between Session and Condition for students' academic
expectations regarding their learning environment (p's> .05).
However, there was a significant interaction effect between Session
and Condition for students' personal expectations, Wilks'
lambda¼ .82, F (1, 43)¼ 9.52, p¼ .004, hp2¼ .18, indicating a dif-
ferential development between conditions in students' intentions
to take responsibility for their own learning. Inspection of the mean
values indicates that students in the contrast condition improved
their personal expectations, while there was no such improvement
for students in the control condition. The partial eta squared value
indicates a medium to large effect size, signaling that an important
portion of the variance in personal expectations was explained by
the provision of the workshop to the students in the experimental
condition. The RM ANOVA revealed no significant interaction ef-
fects for students' reported use of SRL strategies (p's> .05).
3.2.2. Hypotheses 2a/2b
To reveal a potential differential effect for students with
different pretest scores for the five variables, we performed a
regression analysis as described above. The regression weights for
the interaction effects between condition and pretest scores were
not significant (p's> .05), indicating that all students benefited
from the intervention in a similar manner. However, given the
small standard deviations as indicated in Table 3, this could be due
to a lack of pretest variation among students.
4. Discussion
This study tested the effectiveness of an intervention on the
development of students' expectations and self-regulated learning
strategies in the first-year Medicine undergraduate program at a
PBL university. We expected that a better understanding of theTable 3
Descriptive statistics for the dependent variables.
Contrast
Pretest Posttest
M(sd) M(sd)
Personal expectations 3.21 (.45) 3.41 (.39)
Academic expectations 2.85 (.34) 2.82 (.44)
Cognition 4.73 (.56) 4.88 (.59)
Motivation/Affect 4.85 (.48) 4.94 (.68)
Behavior 5.24 (.58) 5.17 (.58)university's expectations would make students more willing and
able to comply and make an effort to self-regulate their learning
(Corno, 2001; Wedman, 2010). Specifically, a PBL curriculum puts
high demands on students in terms of initiative and self-regulated
learning. Students are expected to proactively take initiative for
their own learning, independently search for literature to construct
their own knowledge, and make an active, conscious effort to
achieve deep knowledge in collaboration with other students. The
intervention consisted of a workshop in which students were given
the opportunity to compare and contrast the expectations they had
of their learning environment to the expectations as formulated by
the university. It was hypothesized that students who participated
in the workshop would develop more realistic expectations than
students who did not participate in the workshop (H1a). Further-
more, these students were expected to develop more effective SRL
strategies (H1b). Also, we expected students with more realistic
perceptions and expectations about their learning environment at
pretest to benefit more from the workshop than students who had
less realistic perceptions and expectations at pretest (H2a), and
students with more effective SRL strategies at pretest to benefit
more from the workshop than students reporting less effective SRL
strategies at pretest (H2b).
Hypothesis 1a was partly confirmed. We found that the inter-
vention significantly improved students' personal expectations
regarding their learning environment, indicating an increase in
their motivation and preparedness to monitor and adjust their
learning, but contrary to hypothesis H1b, this did not lead to any
significant changes in their reported use of self-regulated learning
strategies. This is, however, an important finding, as this change in
expectations could be a first step in the direction of an actual
change in self-regulation, given the importance of intentions as a
precursor for behavior (Sutton, 1998; Webb & Sheeran, 2006).
Several implications can be derived from these results. Firstly,
this study supports the value of active, collaborative ways of
introducing students to the characteristics of learning environ-
ments in a PBL curriculum in terms of improving the expectations
they have about their learning environment. Furthermore,
although the intervention significantly improved students' per-
sonal expectations regarding their learning environment, indi-
cating an increase in their motivation and preparedness to monitor
and adjust their learning, we did not find significant changes in
their reported use of self-regulated learning strategies. It is possible
the current intervention was too short to have a lasting effect on
students' use of self-regulatory strategies. Therefore, it is recom-
mended that interventions be spread out over a longer period of
time in order to have an effect on students' use of SRL strategies.
No support was found for Hypotheses 2a and 2b. We found no
interaction between condition and students' pretest values in terms
of perceptions and expectations or SRL strategy use, indicating that
all students benefited from the intervention in a similar manner.
This lack of interaction between condition and students' pretest
levels indicates that all students benefited from the intervention inControl F p
Pretest Posttest
M(sd) M(sd)
3.37 (.54) 3.29 (.52) 9.52 .004
2.83 (.56) 2.71 (.58) .78 .38
4.89 (.62) 5.10 (.50) .12 .73
4.97 (.59) 5.17 (.73) .52 .47
4.85 (.63) 5.03 (.52) 3.36 .07
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the relatively small standard deviations associated with the vari-
ables, indicating little inter-individual variation in either percep-
tions and expectations or SRL strategy use. It is possible that an
interaction would be found for groups of students with high inter-
individual variation on the variables at pretest (Speece, 1990).
However, as the students in our sample scored in the middle range
of the variables under investigation rather than predominantly in
the lower end, this implies that most students will have something
to gain from such an intervention. However, as this study was
conducted with students who volunteered to participate, it is
possible that students with less realistic expectations and lower use
of SRL strategy use were not included in the study. Future research
could target students at the more extreme ends of the spectrum, in
order to investigate whether this lack of interaction is replicated, or
whether the intervention is in fact more (or less) effective for
students with lower (or higher) pretest aptitudes.
Regarding practical implications, a deeper understanding of the
factors influencing the effectiveness of the PBL learning environ-
ment can help inspire tools to support SRL in such a curriculum.
Like many educational programs nowadays, problem-based
curricula often have a substantive online component, relying
heavily on online learning resources such as BlackBoard. Opti-
mizing the learning environment also opens up possibilities for the
optimization of the online tools and resources that are offered to
students to support their learning. For example, the online learning
environment could incorporate a tool for students to compare and
contrast their expectations and perceptions to those of the uni-
versity, for example, concept mapping techniques with graph
comparison (De Souza, Boeres, Cury, De Menezes,& Carlesso, 2008)
or a forum discussion. In this way, students are primed to think
about the perceptions and expectations they have and are made
aware about the extent to which this does or does not match the
university's expectations. Furthermore, as the workshop was not
sufficient for students to change their SRL strategies, tools could be
incorporated to facilitate this transition. For example, the online
learning environment could incorporate a tool that allows students
to track their own progress. Examples include a tool that allows
them to track how many hours they spend studying, as well as
online quizzes to enable them to see howwell they understand the
material. In this way, students are enabled to translate their in-
tentions to more concrete behavior. Finally, the workshop could be
made more efficient by incorporating tools into the online envi-
ronment that students can use prior to the intervention. When
students use an online concept mapping tool to map their expec-
tations prior to the intervention, the workshop time can be more
efficiently used, potentially increasing its effectiveness.
Several limitations of this study should be noted. Firstly, our
sample was comprised of students who volunteered to participate
in the study, a limitation that is further underscored by the high
dropout rate. It is quite likely that the students who started and
persisted in the study were among the most motivated students in
the program. Due to the novelty of this intervention, ethical con-
siderations compelled us to first test it on a sample of students who
were completely free in their choice about whether or not to
participate. However, it is possible that the intervention's results
would have been different when conducted across the entire pro-
gram. Less motivated students may be more likely to benefit from
the intervention. Alternatively, they could be less willing to coop-
erate, in which case the intervention would have little or no effect
on them. Future research could focus on incorporating the inter-
vention into the curriculum, thereby reaching all students who are
enrolled in the program to come to a more complete picture of the
effects of the intervention.
Furthermore, the use of self-reports for the measurement of SRLhas become a topic of debate during the past couple of years
(Veenman, Van Hout-Wolters, & Afflerbach, 2006; Winne, 2010),
with researchers indicating that students may not be reliable
sources when reporting on their own SRL strategy use. However, as
research shows that students have a tendency to underrate the
occurrence of rare events, while overrating the occurrence of
common events (Perry & Winne, 2006), we feel that our results
have probably not been influenced by the use of self-reports. More
specifically, as this study dealt with common study events and the
workshop likely primed students to focus more on their use of
strategies, if anything this would have caused students in the
contrast condition to overestimate their strategy use. Therefore, the
likelihood of false positives, rather than false negatives, would be
increased. However, the use of trace data is likely to give a more
fine-grained, detailed picture of students' strategy use, enabling
researchers to study students' SRL development throughout a
course. Practical issues restrained us from using trace data in this
study, but it is certainly recommended for further research and
interventions in order to gain a more complete picture of students'
development over time.
Third, our study used an active, collaborative workshop as an
intervention to stimulate students to compare and contrast the
expectations they have about their learning environment to those
of the university. We chose this form based onwhat is known from
the literature about student learning (e.g., Bonwell & Eison, 1991;
Johnson et al., 1998). However, sample size did not permit a com-
parison of this form of intervention to other forms of delivery, such
as a traditional lecture. Future research could further inquire into
which instructional format is most effective for the current
intervention.
Finally, this study did not consider the perceptions and expec-
tations of the tutors regarding students' learning process. As stated
earlier, partly in response to students' negative attitudes, tutors
often tend to adopt a teacher-oriented approach (Dolmans et al.,
2001; Loyens et al., 2008; Moust et al., 2005). When confronted
with a highly teacher-oriented tutor, students are not given the
space to self-regulate their learning, even if they would be willing
to do so. Future research should therefore look into the perceptions
and expectations of tutors regarding students' learning environ-
ments and the effect this has on students' SRL both in and outside of
the tutorial group, as well as focus on longer lasting interventions.
Given the continuing popularity of PBL in medical schools across
the world, the importance of interventions to optimize the effec-
tiveness of this educational approach is paramount. In order to
successfully educate future professionals, the learning environment
of students must be optimized as much as possible. The current
study contributes to the literature by investigating an underex-
plored aspect of the PBL experience, namely the alignment be-
tween students' perceptions and expectations of the learning
environment in comparison to those formulated by the university.
Overall, this study shows the importance of aligning students'
perceptions and expectations to the university in an active,
collaborative manner, and opens up many interesting possibilities
for online tools in learning and teaching.Conflicts of interest
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